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ABSTRACT 

Dates of  oppos i t i on  and conjunct ion of t h e  P l a n e t s  have been l i n e -  

a r l y  i n t e r p o l a t e d  from "Planetary Coordinates f o r  t h e  y e a r s  1960 - 80," 

prepared by the  B r i t i s h  Naut ical  Almanac Of f i ce .  

n o t  been included. 

The p l a n e t  P lu to  h a s  

For i n i t i a l  planning of space missions,  d a t e s  of i n j e c t i o n  i n t o  

Hohriann t r a n s f e r  e l l i p s e s  during t h e  per iod 1960 - 80 have been tabu- 

l a t e d  together  w i t h  corresponding travel t i m e s  and d a t e s  of arr ival .  

INDEX HEADING 

Space Mechanics 46 
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INTROUDCTION 

For planning missions i n t o  interplanetary space it is important 
t o  have relevant  astronomical data  ava i lab le .  'Approximate da tes  of 
opposit ion f o r  Mars and i n f e r i o r  conjunctions of Venus have been im- 
proved through the  use of Br i t i sh  Almanac Office da ta  and have been 
tabulated f o r  ease of reference.  

Mission planning requires  dates of launch and a r r i v a l .  These can- 
not  be determined with accuracy u n t i l  the  t r ans fe r  o r b i t  has been opt i -  
mized. 
nor  i n  t h e . o r b i t  plane of the chosen planetary dest inat ion.  

The selected o r b i t  w i l l  not l i e  i n  the plane of the e c l i p t i c  

As a s t a r t i n g  point,  it w i l l  be convenient t o  know the "Hohmann" 
t r ans fe r  da tes .  W. Hohmann (1925) studied the spaceship f l i g h t  o r b i t  
with two basic  assumptions regarding planetary o r b i t s .  These assump- 
t i ons ,  though untrue,  provide information realistic enough t o  produce 
c l o s e  approximations f o r  scheduling purposes. F i r s t ,  the o r b i t s  of the 
launching planet and the dest inat ion planet  are assumed *circular ;  sec- 
ondly, a l l  o r b i t s  are assumed t o  be i n  the  same plane. With these as- 
sumptions, o r b i t a l  t r ans fe r  is  made along an e l l i p s e  tangent t o  both 
circles. This has been done i n  the present note.  Corrections t o  these 
t r a n s f e r  e l l i p s e s ,  providing exact launch and a r r i v a l  times, w i l l  be 
given later.  Such correct ions w i l l  be made using non-coplanar and non- 
c i r c u l a r  e l l i p t i c a l  planetary o rb i t s .  

*The r a d i i  of these c i r c u l a r  o rb i t s  are the  r a d i i  vectores of the 
launching planet and the t a rge t  planet a t  i n s t an t s  of i n j ec t ion  and 
a r r i v a l  respect ively.  
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CONJUlCTION AND OPPCEITIONS OF THE PLANETS FOR THE YEARS 1960 - 1980 
In this report, an inferior conjunction of an inner planet is de- 

fined as that configuration for which the heliocentric longitudes of 
Earth and the planet are identical. Thus, the Sun, the planet, and 
Earth are, respectively, inxline with each other. The longitude is 
measured from the vernal equinox, eastward, along the ecliptic. 

For the outer planets, opposition is defined as that configuration 
for which the heliocentric longitudes of Earth and the planet are iden- 
tical. In th i s  case, the Sun, the Earth, and the planet are, respective- 
ly, in line with each other. 

Inferior conjunction dates for Mercury and Venus are listed in 
Tables 1 and 2. 
are shown in Figures 1 and 2. 

Positions of these planets at each inferior conjunction 

Opposition dates for the outer planets are listed in Tables 3, 4, 
5, 6, and 7. Positions of these planets at each opposition are shown 
in Figures 3, 4, 5, 6, and 7. 

All of the tab1.h of inferior conjunctions and oppositions were 
compiled by MY. C. C. Dearman in his ABMA Report No. DSP-TN-2-60, dated 
24 February 1960, except for Mercury. 

' .  
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Calendar Date 

TABLE 1 

INFERIOR CONJUNCTIONS OF MERCURY (1960 - 1980) 

1960 Mar 10.4 
1960 J u l  16.4 
1960 Nov 7.1 
1961 Feb 21.6 
1961 Jun 26.8 
1961 O c t  22.2 
1962 Feb 5.1 
1962 Jun 6.7 
1962 O c t  6.0 
1963 Jan 19.9 
1963 Feb 6.6 
1963 Sep 19.5 
1964 Jan 4 .1  
1964 Apr 26.9 
1964 Sep 1.7 
1964 Dec 18.3 
1965 Apr 8.1 
1965 Bug 15.1 
1965 Dec 2.6 
1966 Mar 21.1 
1966 J u l  28.0 
1966 Nov 16.9 
1967 Mar 5.2 
1967 J u l  8.8 
1967 Nov 1.1 
1968 Feb 15.2 
1968 Jun 17.0 
1968 Oct 15.0 
1969 Jan 28.8 
1969 May 28.8 
1969 Sep 26.7 
1970 Jan 12.8 
1970 May 8.7 

Longitude* 

170?202 
294.173 
45.064 

153.048 
275.290 

28.928 
136 .LO9 
255.849 

12.610 
119.471 
236.256 
356 .167 
103.070 
216.974 
339.559 
86.743 

198.311 
322.324 
70.510 

180.259 
304.690 
54.339 

169.211 
286.194 

38.191 
145.811 
267.013 
21.964 

128.986 
247.454 

5.644 
112.466 
227.861 

Calendar Date 

1970 Sep 12.0 
1970 Dec 28.0 
1971 Apr 19.4 
1971 Aug 26.0 
1971 Dec  12.3 
1972 Mar 31.0 
1972 Aug 7.1 
1972 Nov 25.6 
1973 Mar 13.3 
1973 J u l  19.5 
1973 Nov 9.8 
1974 Feb 24.4 
1974 Jun 30.1 
1974 O c t  24.9 
1975 Feb 7.9 
1975 Jun 10.0 
1975 O c t  8.8 
1976 Jan 22.7 
1976 May 19.8 
1976 Sep 21.3 
1977 Jan 5.8 
1977 Apr 30.0 
1977 Sep 4.5 
1977 Dec 21.0 
1978 Apr 11.1 
1978 Aug 18.1 
1978 Dec 5.3 
1979 Mar 24.1 
1979 J u l  31.0 
1979 Nov 19.6 
1980 Mar 5.7 
1980 J u l  11.0 
1980 Nov 2.6 

Longitude* 

349y085 
96.098 

208.890 
332.286 
79.829 

190.564 
314.854 
63 .all 

172.735 
296.803 
47.452 

155.555 
278.098 

31.285 
138.634 
258.680 

15.037 
121.914 
239.083 
358.592 
105.691 
219.702 
341.982 
89.136 

20’0.9 28 
324,892 
72.911 

182.905 
307.286 
56.707 

165.330 
288.895 
40.550 

*Heliocentric longitude measured eastward along the  e c l i p t i c  from the  
vernal equinox, T. 
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MERCURY, VENUS, MARS, AND JUPITER: HOHMANN ELLIPSE TRANSFER TIMES, 
INJECTION DATES, AND ARRIVAL DATES FOR 1960 - 1980 

Hohmann t r a n s f e r  e l l i p s e  c h a r a c t e r i s t i c s  were obtained i n  t h e  
following manner. 

As  a f i r s t  approximation, t h e  semimajor a x i s  of t h e  t r a n s f e r  el- 
l i p s e  w a s  s e t  equal t o  h a l f  t h e  sum of Ea r th  and P lane ta ry  semi-axes. 
The f l i g h t  time, then, w a s  h a l f  t h e  s i d e r a l  pe r iod ;  corresponding mean 
motions of t h e  Earth and Planet  were w r i t t e n  down. 

Contirruing the  f i r s t  approximation, t he  s i d e r e a l  mean motions used 
i n i t i a l l y  permit t h e  e s t ima t ion  of Earth and P lane t  h e l i o c e n t r i c  lon- 
g i t u d e s  a t  i n j e c t i o n .  Planet  longi tude a t  spaceship a r r i v a l  t i m e ,  o f  
course,  must be 180° g r e a t e r  than Earth longi tude a t  i n j e c t i o n .  These 
long i tudes ,  then, allow one t o  e n t e r  t h e  t a b l e s  f o r  d a t e s  of i n j e c t i o n  
and a r r i v a l ,  which i n  tu rn  w i l l  determine more accu ra t e  mean motions 
f o r  t he  p a r t i c u l a r  i n t e r v a l s  i n  which we a r e  i n t e r e s t e d .  

The new mean motions, then, produce more accu ra t e  determinat ions 
of t he  longi tudes,  new d a t e s  and s o  on. Basic r e fe rence  d a t e s  and 
longi tudes a t  a l l  times are those f o r  opposi t ion o r  conjunct ion which 
have previously been i n t e r p o l a t e d  wi th  some accuracy. 

Usually two o r  t h r e e  i t e r a t i o n s  were s u f f i c i e n t  t o  produce e r r o r s  
of less than ha l f  a day i n  the  d a t e s  of i n j e c t i o n .  

Figures 8 and 9 i l l u s t r a t e  t y p i c a l  t r a n s f e r  e l l i p s e s  between Ea r th  
and Venus, and Ea r th  and Mars, r e s p e c t i v e l y .  I n  Tables 9 through 14 
a r e  tabulated Dates of I n j e c t i o n ,  Transfer  T i m e s ,  and A r r i v a l  T i m e s  f o r  
Mercury, Venus, Mars, and J u p i t e r .  The d a t a  f o r  Mercury are  those de- 
s c r i b i n g  an Earth t o  p l a n e t  t r a n s f e r ;  t h e  d a t a  f o r  t he  remaining t h r e e  
p l a n e t s  include both Earth t o  p l ane t  and p l ane t  t o  Earth t r a n s f e r s .  

The Earth t o  p l ane t  t r a n s f e r  e l l i p s e s  f o r  Venus, Mars, and J u p i t e r  
were computed by M r .  C .  C .  Dearman and appeared i n  h i s  ABMA Report No. 
DSP-TN-2-60, dated 24 February 1960. 
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TABLE 8 

MERCURY: H O " N  INJECTION AND ARRIVAL DATES FOR EARTH TO PLANET TRANSFER 

Injection Date e 0.1 day> 

1959 Dec 19.5 
1960 May 3.6 
1960 Aug 16.6 

1961 Apr 16.9 
1961 Jul 29.5 
1961 Nov 9.9 
1962 Mar 29.1 
1962 Jul 15.3 
1962 Oct  24.8 
1963 Jul 28.8 
1963 Oct 8.0 
1964 Feb 16.0 
1964 Jun 26.2 
1964 Sep 19.8 
1965 Jan 18.8 
1965 May 28.9 
1965 Sep 6.6 
1965 Dec 31.4 

1966 Aug 22.0 
1966 Dec 11.9 
1967 Apr 27.2 
1967 Aug 8.1 
1967 Nov 20.9 
1968 Apr 9.1 
1968 Jul 23.2 
1968 Nov 1.5 
1969 Mar 21.7 
1969 Jul 8.0 
1969 Oct 5.9 
1970 Mar 2.2 
1970 Jun 23.8 

1960 NOV 28.8 

1966 m y  13.8 

Transfer Time e 0.1 day) 

112.6 
99 .O 
99.3 
111.8 
99.7 
100.8 
110.8 
101.8 
99.6 
108.1 
101.5 
107.4 
107.3 
88.5 
106.6 
113.2 
99.3 
103.5 
112.6 
99.2 
102.9 
111.6 
99.3 
101.2 
111.6 
100.2 
100.2 
110.6 
101.9 
99.8 
108.8 
104.1 
98.7 

Arrival Date 
(r 0.1 day) 

1960 Apr 10.1 
1960 Aug 10.6 
1960 Nov 23.9 
1961 Mar 20.6 
1961 Jul 25.6 
1961 Nov 7.3 
1962 Mar 31.7 
1962 Jul 8.9 
1962 Oct 22.9 
1963 Feb 9.9 
1963 Oct 8.3 
1964 Jan 23.4 
1964 Jun 2.3 
1964 Sep 22.7 
1965 Jan 4.4 
1965 May 12.0 
1965 Sep 5.2 
1965 Der: 19.1 
1966 Apr 23.0 
1966 Aug 21.0 
1966 Dec 2.9 
1967 Apr 2.5 
1967 Aug 4.5 
1967 Nov 17.3 
1968 Mar 11.5 
1968 Jul 18.3 
1968 Nov 30.4 
1969 Feb 20.1 
1969 Jul 1.6 
1969 Oct 5.8 
1970 Feb 1.6 
1970 Jun 14.3 
1970 Sep 30.5 
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TABLE 8 (CONTINUED) I 

. .  

MERCURY: HOHMANN INJECTION AND ARRIVAL DATES FOR EARTH TO PLANET TRAPWZR 

Injection Date 
(+ - 0.1 day) . 

1970 Sep 30.9 
E971 Feb 8.4 
1971 Jun 8.8 
1971 Sep 5.8 
1972 Jan 11.6 
1972 May 23.1 
1972 Aug 30.6 
1972 Dee 23.2 
1973 May 6.7 
1973 Aug 7.2 
1973 Dee 2.0 
1974 Apr 20.2 
1974 Aug 1.5 
1974 Nov 12.4 
1975 Apr 1.8 
1975 Jul 18.1 
1975 Oct 27.1 
1976 Mar 13.5 
1976 Jul 31.6 
1976 Oct 9.1 
1977 Feb 21.3 
1977 Jun 17.2 
1977 Sep 24.0 
1978 Jan 21.8 
1978 Jun 1.5 
1978 Sep 9.2 
1979 Jan 3.6 
1979 May 17.0 
1979 Aug 25.3 
1979 Dec 14.7 
1980 Apr 29.1 
1980 Aug 9.7 

Transfer Time e 0.1 day) 
106.7 
107 .O 
98.2 
105.1 
113.1 
98.2 
103.6 
111.7 
98.8 
101.2 
112 .o 
99 .o 
100.8 
111.4 
101.1 
99.6 
109.1 
102.5 
100.1 
107.9 
104.9 
98.4 
106 .O 
113.6 
98.3 
104.2 
112.7 
98.3 
102.8 
112 .o 
99.3 
101.4 

Arrival Date 
&- 0.1 day) 

1971 Jan 15.6 
1971 May 26.4 
1971 Sep 15.0 
1971 Dec 29.9 
1972 May 3.7 
1972 Aug 29.3 
1972 Dec 12.2 
1973 Apr 13.9 
1973 Aug 13.5 
1973 Nov 26.4 
1974 Mar 24.0 
1974 Jul 28.2 
1974 Nov 10.3 
1974 Mar 3.8 
1975 Jul 11.9 
1975 Oct 25.7 
1976 Feb 13.2 
1976 Jun 24.0 
1976 Oct 8.7 
1977 Jan 25.0 
1977 Jun 6.2 
1977 Sep 13.6 
1978 Jan 8.0 
1978 May 15.0 
1978 Sep 7.8 
1978 Dec 22.4 
1979 Apr 26.3 
1979 Aug 23.3 
1979 Dec 6.1 
1980 Apr 4.7 
1980 Aug 6.4 
1980 Nov 19.1 

15 
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Conjunct ion 4 19 Jun 1964 

FIGURE 8 

VENUS: HQHMANN INJECTION AND ARRIVAL ,FOR BARTfI -TO PLANET TRANSFER 



TABLE 9 

VENUS: H O " N  I N J E C T I O N  AND ARRIVAL aATES FOR W T H  TO PLANET TRANSFER 

In j ec t ion  Date 
(r 1 day) 

1961 Jan 15 
1962 Aug 12 
1964 Mar 27 
1965 O c t  27 
1967 Jun 3 
1969 Jan 13 
1970 Aug 11 
1972 Mar 25 
1973 O c t  24 
1975 Jun 1 
1977 Jan 10 
1978 Aug 8 
1980 Mar 23 

Transfer Time 
e 1 

145 
147 
146 
145 
148 
145 
147 
146 
145 
148 
145 
147 
146 

Arr iva l  Date e 2 days) 

1961 Sun 9 
1963 Jan 7 
1964 Aug 20 
1966 Mar 21 
1967 Oct 29 
1969 Jun 7 
1971 Jan 5 
1972 Aug 18 
1974 Mar 18 
1975 J u l  19 
1977 Jun 4 
1979 Jan 2 
1980 Aug 16 

TABLE 10 

VENUS: HOHMA" INJECTION AND ARRIVAL DATES FOR PLANET TO EARTH TRANSFER 

In j ec t ion  Date 
(5 0.1 day) 

1961 Feb 11.9 
1962 Sep 16.4 
1964 Apr 18.8 
1965 Dec 2.6 
1967 Jun 28.3 
1969 Feb 9.4 
1970 Sep 13.8 
1972 Apr 16.8 
1973 Nov 30.3 
1975 Jun 25.9 
1977 Feb 7.1 
1978 Sep 10.9 
1980 Apr 14.2 

Transfer Time 
(& 0.1 day) 

147.5 
145 .O 
146.4 
147.1 
144.7 
147.4 
144.9 
146.5 
147.2 
144.8 
147.2 
144.4 
146.3 

Arr iva l  Time e 0.1 day) 

1961 J u l  9.4 
1963 Feb 8.4 
1964 Sep 12.2 
1966 Apr 28.7 
1967 Nov 20.0 
1969 J u l  6.8 
1971 Feb 5.7 
1972 Sep 10.3 
1974 Apr 26.5 
1975 Nov 17.7 
1977 J u l  4.3 
1979 Feb 2.3 
1980 Sep 7.5 
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Time = 257 Days 

1 5 Aug 1965 

FIGURE 9 

MARS: HOHMANN INJECTION AND ARRIVAL FOR EARTH TO PLANET TRANSFER 

. .  
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TABU 11 

. .  

MARS: HOHMANN INJECTION AND ARRIVAL DATES FOR EARTH TO PLANET TRANSFER 

In j ec t ion  Date 
(2 1 day) 

1960 Sep 22 
1962 Oct 22 
1964 Nov 21 
1966 Dec 27 
1969 Feb 18 
1971 Jun 4 
1973 Aug 4 
1975 Sep 10 
1977 O c t  11 
1979 Nov 9 

Transfer Time 
(t 2 days) 

279 
270 
25 7 
244 
2 36 
262 
281 
281 
275 
262 

Arrival  Date 
(t 3 days) 

1961 Jun 28 
1963 J u l  19 
1965 Aug 5 
1967 Aug 28 
1969 O c t  12 
1972 .Feb. 21 

1976 Jun 17 
1978 J u l  13 
1980 J u l  28 

-1974 Hay 12 

TABLE 12 

MARS: H 0 " N  I N J E C T I O N  AND ARRIVAL DATES FOR PLANET TO EARTH TRANSFER 

In jec t ion  D a t e  
(2 0.1 day) 

1960 Aug 13.1 
1962 Sep 9.3 
1964 Sep 30.1 
1966 Oct 23.8 
1968 Nov 25.7 
1971 Jan 24.0 
1973 May 17.3 
1975 J u l  19.8 
1977 Aug 30.9 
1979 Sep 22.7 

Transfer Time 
(t 0.1 day) 

244.1 
258.4 
271.4 
280.5 
282.2 
270.3 
239.8 
239.3 
252.8 
266.7 

Arrival  Date 
e 0.1 day) 

1961 Apr 14.2 
1963 May 25.7 
1965 Jun 28.5 
1967 Aug 31.3 
1969 Sep 3.9 
1971 O c t  21.3 
1974 Jan 12.1 
1976 Mar 25.1 
1978 May 10.7 
1980 Jun 15.4 
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TABLE 13 

JUPITER: HOHMANN INJECTION AND ARRIVAL DATES FOR EARTH TO PLANET TRANSFER 

I n j e c t i o n  Date 
(& 1 day) 

1960 Mar 1 
1961 Apr 6 
1962 May 16 
1963 Jun 25 
1964 Aug 1 
1965 Sep 5 
1966 Oct 7 
1967 Nov 5 
1968 Dec 3 
1969 Jan 2 
1971 Feb 1 
1972 Mar 5 
1973 Apr 11 
1974 May 21 
1975 Jun 30 
1976 Aug 6 
1977 Sep 10 

*1978 Oct 8 
"1979 Nov 12 

Transfer  Time 
(k 1 day) 

944 
9 38 
954 
988 
1025 
1051 
1059 
1047 
1021 
993 
961 
942 
9 39 
955 
992 
1025 
1052 

*lo60 
"1039 

Arr iva l  Date 
(k 2 days) 

1962 O c t  1 - .  
1963 O c t  31 
1964 Dec 24 . 
1966 Mar 9 
1967 May 23 
1968 J u l  22 
1969 Aug 30 
1970 Sep 17 
1971 Sep 19 
1972 Sep 21 
1973 Sep 18 
1974 Oct 3 
1975 Nov 6 
1976 Dec 30 
1978 Mar 19 
1979 May 28 
1980 J u l  27 

*1981 Sep 2 
*1982 Sep 16 

"Estimates 
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TABLE 14 

JUPITER: H 0 " N  INJECTION AND ARRIVAL MTES FOR PLANET TO EARTH TRANSFER 

I n j e c t i o n  D a t e  
(+ - 0.1 day) 

1960 Mar 3.8 
1961 May 14.1 
1962 J u l  21.0 
1963 Sep 5.6 
1964 O c t  1.1 
1965 O c t  14.2 
1966 O c t  8.6 
1967 Oct 13.6 
1968 O c t  23.5 
1969 Nov 19.5 
1971 Jan 2.6 
1972 Mar 11.0 
1973 May 23.8 
1974 J u l  28.5 
1975 Sep 11.4 
1976 O c t  3.6 
1977 O c t  10.3 

Transfer Time 
(r 0.1 day) 

1013 .O 
977.6 
947.4 
938.6 
948 -9 
970.9 

1008.6 
1034.9 
1054.3 
1057.7 
1042.4 
1010.7 
973 .O 
945.1 
938.1 
951.4 
979 .O 

Arrival Date 
0.1 day) 

1962 Dec 11.9 
1964 Jan 16.7 
1965 Feb 22.4 
1966 Apr 1.2 
1967 May 8.0 
1968 Jun 11.1 
1969 J u l  13.2 
1970 Aug 13.5 
1971 Sep 12.8 
1972 Oct 12.2 
1973 Nov 13.0 
1974 D e c  16.7 
1976 Jan 21.8 
1977 Feb 27.6 
1978 Apr 6.5 
1979 May 13.0 
1980 Jun 15.3 
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SATURN, URANUS, AND "E: H 0 " N  ELLIPSE -FER TIMES, 
INJECTION MTES, AND ARRIVAL DATES FOR 1960 - 1980. 

I n  Tables 14 through 19 are tabula ted  Dates of I n j e c t i o n ,  Trans- 
f e r  Times, and Ar r iva l  Times f o r  Saturn,  Uranus, and Neptune. Mean 
motions were determined only from the semimajor axes. I n j e c t i o n  d a t e s ,  
accord ingly ,  are i n  e r r o r  by as much as 10 days,  and t h e  t r a n s f e r  t i m e s  
are i n  e r r o r  by as much as 45 days.  
determined a t  a l a t e r  d a t e  i f  required.  

Reduction of t hese  e r r o r s  may be 

The d a t a  i n  t h e  t a b l e s  inc lude  both Ear th  t o  p l ane t  and p lane t  t o  
Ear th  t r a n s f e r s .  
C .  C .  Dearman and appeared i n  ABMA Report No. DSP-TN-2-60, dated 24 
February 1960. 

The Ear th  . to  P lane t  t r a n s f e r s  were computed by M r .  
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TABLE 15 

SATURN: HOHMANN INJECTION AND ARRIVAL DATES FOR EARTH TO PLANET TRANSFER 
(Approximate transfer time: 2209 mean Solar days) 

Injection Date Arrival Date 

1960 Mar 15 
1961 Mar 27 
1962 Apr 8 
1963 Apr 20 
1964 May 2 
1965 May 15 
1966 May 28 
1967 Jun 10 
1968 Jun 23 
1969 Jul 8 
1970 Jul 23 
1971 Aug 7 
1972 Aug 20 
1973 Sep 4 
1974 Sep 19 
1975 Oct 4 
1976 Oct 17 
1977 Oct 31 
1978 Nov 13 
1979 Nov 26 

1966 Apr 3 
1967 A p r  15 
1968 Apr 27 
1969 May 9 
1970 May 21 
1971 Jun 3 
1972 Jun 16 
1973 Jun 29 
1974 Jul 12 
1975 Jul 27 
1976 Aug 11 
1977 Aug 25 
1978 Sep 7 
1979 Sep 21 
1980 Nov 6 
1981 Nov 21 
1982 Dec 4 
1983 Dec 18 
1984 Jan 1 
1985 Jan 14 
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. TABLE 16 

SATURN: H 0 " N  INJECTION AND ARRIVAL DATES FOR PLANET TO EARTH TRANSFER 
(Approximate transfer time: 2209 mean Solar days) 

Injection Date Arrival Date 

1960 Jan 30 
1961 Feb 10 
1962 Feb 22 
1963 Mar 6 
1964 Mar 17 
1965 Mar 29 
1966 Apr 11 
1967 Apr 25 
1968 May 7 
1969 May 21 
1970 Jun 5 
1971 Jun 20 
1972 Jul 4 
1973 Jul 19 
1974 Aug 3 
1975 Aug 18 
1976 Aug 31 
1977 Sep 15 
1978 Sep 29 
1979 Oct 12 

1966 Feb 17 
1967 Feb 28 
1968 Mar 11 
1969 Mar 23 
1970 Apr 4 
1971 Apr 16 
1972 Apr 28 
1973 May 12 
1974 May 25 
1975 Jun 8 
1976 Jun 22 
1977 Jul 7 
1978 Jul 22 
1979 Aug 6 
1980 Aug 20 
1981 Sep 4 
1982 Sep 18 
1983 Oct 3 
1984 Oct 16 
1985 Oct 29 
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TABLE 17 

URANUS: HOHMANN INJECTION AND ARRIVAL DATES FOR EARTH TO PLANET TRANSFER 
(Approximate transfer time: 5858 mean Solar days) 

Injection Date Arrival Date 

1960 Oct 20 
1961 Oct 25 
1962 Oct 30 
1963 Nov 4 
1964 Nov 8 
1965 Nov 13 
1966 Nov 18 
1967 Nov 23 
1968 Nov 27 
1969 Dec 2 
1970 Dec 7 
1971 Dec 12 
1972 Dec 16 
1973 Dec 21 
1974 Dec 26 
1975 Dec 31 
1976 Jan 4 
1977 Jan 9 
1978 Jan 14 
1979 Jan 19 
1980 Jan 23 

1970 Nov 3 
1977 Nov 8 
1978 Nov 13 
1979 Nov 18 
1980 Nov 22 
1981 Nov 27 
1982 Dec 2 
1983 Dec 7 
1984 Dec 11 
1985 Dec 16 
1986 Dec 21 
1987 Dec 26 
1988 Dec 30 
1989 Jan 4 
1990 Jan 9 
1991 Jan 14 
1992 Jan 19 
1993 Jan 24 
1994 Jan 29 
1995 Feb 3 
1996 Feb 7 
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URANUS: HOHMANN INJECTION AND ARRIVAL DATES FOR PLANET TO EARTH TRANSFER 
(Approximate transfer time: 5858 mean Solar days) 

Injection Date Arrival Date 

1960 May 23 
1961 May 28 
1962 Jun 3 
1963 Jun 8 
1964 Jun 12 
1965 Jun 18 
1966 J w - 2 3  
1967 Jun 28 
1968 Jul 2 
1969 Jul 8 
1970 Jul 13 
1971 Jul 18 
1972 Jul 22 
1973 Jul 27 
1974 Aug 2 
1975 Aug 7 
1976 Aug 11 
1977 Aug 16 
1978 Aug 21 
1979 Aug 26 

1976 Jun 6 
1977 Jun 12' 
1973 Jun 18 
1979 Jun 22 
1980 Jun 26 
1981 Jul 2 
1982 Jul 7 ' 

1983 Jul 12 
1984 Jul 16 
1985 Jul 22 
1986 Jul 27 
1987 Aug 1 
1988 Aug 5 
1989 Aug 10 
1990 Aug 16 
1991 Aug 21 
1992 Aug 25 
1993 Aug 30 
1994 Sep 4 
1995 Sep 9 
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NEPTUNE: HOHMANN I N J E C T I O N  AND ARRIVAL DATES FOR EARTH TO PLANET TRANSFER 
(Approximate t r a n s f e r  time: 11,176 mean S o l a r  days) 

I n j e c t i o n  Date 

1960 Jan 5 
1961 Jan  6 
1962 Jan 9 
1963 Jan 11 
1964 Jan 14 
1965 Jan 15 
1966 Jan 17 
1967 Jan 20 
1968 Jan  22 
1969 Jan 24 
19.70 Jan  26 
1971 Jan  28 
1972 Jan 31 
1973 Feb 1 
1974 Feb 4 
1975 Feb 6 
1976 Feb 8 
1977 Feb 10 
1978 Feb 12 
1979 Feb 15 
1980 Feb 17 

Arrival Date 

1990 Aug 10 
1991 Aug 11 
1992 Aug 14 
1993 Aug 16 
1994 Aug 19 
1995 Aug 20 
1996 Aug 22 
1997 Aug 25 
1998 Aug 27 
1999 Aug 29 
2000 Aug 31 
2001 Sep 2 
2002 Sep 5 
2003 Sep 7 
2004 Sep 10 
2005 Sep 12 
2006 Sep 14 
2007 Sep 16 
2008 Sep 18 
2009 Sep 21 
2010 Sep 23 
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e TABLE 20 

NEpTuME: H 0 " N  INJECTION AND ARRIVAL IIATJB FOR PLANET TO EARTH TRANSFER 
(Approximate transfer time: 11,176 mean Solar days) 

Injection Date Arrival Date 

1960 Jan 17 
1961 Jan 18 
1962 Jan 21 
1963 Jan 23 
1964 Jan 26 
1965 Jan 27 
1966 Jan 29 
1967 Jan 31 
1968 Feb 3 
1969 Feb 4 
1970 Feb 7 
1971 Feb 9 
1972 Feb 12 
1973 Feb 13 
1974 Feb 15 
1975 Feb 18 
1976 Feb 20 
1977 Feb 22 
1978 Feb 24 
1979 Feb 26 
1980 Feb 29 

1990 Aug 23 
1991 Aug 25 
1992 Aug 27 
1993 Aug 29 
1994 Aug 31 
1995 Sep 3 
1996 Sep 4 
1997 Sep 7 
1998 Sep 9 
1999 Sep 11 
2000 Sep 13 
2001 Sep 15 
2002 Sep 18 
2003 Sep 20 
2004 Sep 21 
2005 Sep 24 
2006 Sep 26 
2007 Sep 29 
2008 Sep 31 
2009 Oct 2 
2010 Oct 5 
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SUMMARY 

Dates of inferior conjunction for Mercury and Venus, as well as 
oppositions for Mars, Jupiter, Saturn, Uranus, and Neptune, have been 
tabulated and shown diagrammatically for convenient reference. 

Hohmann transfer times, injection dates, and arrival dates have 
been tabulated for reference when planning space missions. 
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APPENDIX: COMPUTATION OF HOHMANN TRANSFER INJECTION AND ARRIVAL TIMES 

The approximate space vehicle Transfer Time, T, in Solar days, is 
first determined from Kepler's law: 

T = x  0.5  rl (E) + r3 (P) I 
3: s 
/0.01720210 

In this equation, for the first approximation, rl.(E) and r3 (P) are 
set equal to the semimajor axes of Earth and Planet. The subscripts 
refer to positions 1 and 3,  in Fig. 9 .  In all later approximations 
these subscripts will designate the newly interpolated values of the 
radii vectores at positions 1 and 3. The number 0.01720210 is the 
Gaussian constant. 

Angles A, B, and C in Fig. 9 are next found from: 

B + C = 0.5 T :.n3 (P) 

A = 180 - (B + C )  

C = ( B + C ) - B  ( 5 )  

where n (E) and n (P) are the mean daily motions of Earth and Planet 
over the interval (subscripts) of interest. On the first approximation, 
we use the mean daily motions of Earth and Planet over a whole period. 

The next step is to calculate the heliocentric longitudes, L (E) 
and L (P), of Earth and Planet in degrees measured counterclockwise 
from the vernal equinox to the positions in Fig. 9 indicated by the 
subscripts: 
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L1 (E) = L2 (E) - (A + B) ( 6  1 

L1 (P) = L2 (P) - B (7)  

L3 (P) = L2 (P) + c ( 8 )  

where the longitudes L2 (E) = L2 (P) are those at opposition or con- 
j unc t ion. 

Reference is next made to the planetary tables; from these, the 
"times," corresponding to the longitudes L1 (E), L1 (P), and L,3 (P), 
are interpolated exactly. These "times," tl (E), ti (P), and t3 (P), 
are Julian dates (2436934.0 days for December 31, 1959, through 2444239.0 
days for December 31, 1979). The radii vectores, r (E) and r (E), 
corresponding to longitudes L1 (E) and L3 (P) are also interpofated ex- 
actly. 

On the first approximation, 

On the next approximation (using Equations (1) through ( 8 )  ), the 
following values must be calculated and used: 

where t2 (E) = t2 (P),'obviously, for the inferior conjunction time 
or opposition time (given in Tables 1 through 7). 

A s  the approximations are repeated, ti (E)+tl (P). The approx- 
imations are continued until the degree of equality between ti (E) and 
ti (P) is that which is desired. 
t3 (P) are then the injection time and arrival time; their difference 
is the flight time. 

The final, values of t1 (E) (P) and 
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